The use of clinical neuropsychological tests in the evaluation of National Football League (NFL) players has been ongoing for more than two decades. Prior research has demonstrated that the NFL population may perform differently than the general population on standard paper and pencil neuropsychological tests. Given the increased interest in the longitudinal and long-term assessment of neurocognitive functioning in this group of athletes, we reviewed the published neuropsychological literature in an attempt to compile an initial compendium of available normative data on paper and pencil as well as computerized neuropsychological tests for this group of football players. Thirteen published studies met the inclusion criteria, and the results are presented by athlete status (active vs. retired) and classified by neuropsychological domain. Suggestions for potential core batteries with this population are discussed, as are directions for future research.
Introduction
The use of baseline neuropsychological testing for concussion assessment and evaluation had its genesis in the National Football League (NFL) in 1993. The Pittsburgh Steelers, with a grant from NFL Charities, initiated a pilot program with a group of players who underwent baseline and post-concussion neurocognitive testing voluntarily. Due to highly publicized incidents with several concussed players in the early 1990s, baseline neuropsychological testing for concussion gained momentum in the NFL and, by the mid-1990s, a number of teams voluntarily adopted the baseline testing approach. The rationale of the baseline approach was to obtain an individualized measure of an athlete's brain, and in the event of a concussive injury, to repeat the neurocognitive test in an attempt to determine when neurocognitive functioning had returned to baseline.
In 1994, the NFL created the mild traumatic brain injury (mTBI) Committee and began a clinical-research program collecting baseline and post-concussion test data. These initial baseline testing efforts employed traditional paper and pencil neuropsychological tests adapted for sports concussion purposes. The NFL Neuropsychological Test Battery (Pellman, Lovell, Viano, Casson, & Tucker, 2004) included the Hopkins Verbal Learning Test-Revised (HVLT-R; Brandt, 1991) , Brief Visuospatial Learning Test-Revised (BVMT-R; Benedict, Schretlen, Groninger, Dobraski, & Shpritz, 1996) , Trail Making Test Parts A & B (TMT-A, TMT-B; Reitan, 1958) , Digit Span and Symbol Search from the WAIS (Wechsler, 1997) , Symbol Digit Modalities Test (SDMT; Smith, 1982) , and Controlled Oral Word Association Test (COWAT; Benton & Hamsher, 1978) . With the transition to computer-based neurocognitive testing in the late 1990s, studies began to appear utilizing the newer technology. Archives of Clinical Neuropsychology 30 (2015) [161] [162] [163] [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] In a study that utilized neuroimaging as well as neuropsychological assessment, Amen and colleagues (2011) evaluated 100 active and retired NFL players (average age ¼ 57.27, SD ¼ 12.37) with SPECT, qEEG, MicroCog, and Conners' Continuous Performance Test-II (CPT; Conners & Staff, 2000) . Although general concussion history was collected, only concussions with loss of consciousness (LOC) were reported in the article, with a range of 0 -20 noted. Thirty-seven percent reported no episodes with LOC, 15% each reported 1 or 2 episodes, 18% reported 3 episodes, and 14% reported ≥5 episodes. When compared with a normal control group of 20 males with benign concussion and neuropsychiatric histories (mean age ¼ 50.0 years, SD ¼ 16.1), the authors reported that "Significant decreases from normal values were found in most neuropsychological tests."
In a later study, Ford, Giovanello, and Guskiewicz (2013) studied 27 retired NFL players (mean age ¼ 63.4 years SD ¼ 5.9) with functional neuroimaging and neuropsychological tests. They divided the retirees into a low concussion group, defined as 2-or-fewer concussions, and a high concussion group, defined as 3-or-more concussions. The neuropsychological tests included the Telephone Interview for Cognitive Status (Brandt, Spencer, & Folstein, 1988) , Mini-Mental State Exam (MMSE; Folstein, Folstein, & McHugh, 1975) , COWAT, Trail Making Test Part B, BNT, Wechsler Test of Adult Reading (WTAR; Wechsler, 2001) , the Geriatric Depression Scale (GDS; Yesavage et al., 1983) , and a four subtests form (Arithmetic, Similarities, Picture Completion, and Digit Symbol-Coding) of the WAIS-III (Wechsler, 1997) . Although extensive analyses of the fMRI data are reported, statistical tests were not conducted on the neuropsychological tests to assess for between-group differences.
In a more recent study of retired athletes, Casson, Viano, Haacke, Kou, & LeStrange (2014) studied 45 NFL players (mean age 45.6 + 8.9 years) via a multimodal assessment technique which included neurological and neuropsychological examinations, neuroimaging, blood tests, and genetic typing. The players in this study reported a mean (SD) of 6.9 (6.2) NFL concussions, with a maximum number of 25. Over three-fourths of the athletes reported ≥3 NFL concussions. The lifetime football mean (SD) number of concussions for this sample was 9.0 (6.9). Neuropsychological tests included the BDI, MMSE, WTAR, Test of Memory Malingering, CVLT, BVMT-R, Verbal Fluency, Category Fluency, ImPACT, WAIS-III Digit Symbol and Letter Number Sequencing, and Trail Making Test-Part B. Casson and colleagues then created three groups based on t-and standard scores (mean ¼ 10, SD ¼ 3) on the paper and pencil neuropsychological data. Group 0 was comprised of unimpaired athletes with t-scores of 38 or greater and standard scores of 7 or greater. Group 1 included athletes with borderline performance, defined as a t-score of 33-37 or a standard score of ,5. Group 2 included retirees with impaired performance, defined as t-scores of 32 or below and standard scores of 4 or below. Athletes were then assigned to groups 1 -6 based largely on the number of impaired performances. The groups were delineated as follows: Group 0 ¼ normal, Group 1 ¼ borderline (borderline scores on 1 or more subtests (domains) but no impaired scores, Group 2 ¼ impaired on only 1 subtest (domain), Group 3 ¼ impaired on exactly 2 subtests (domains), Group 4 ¼ impaired on 3 or more subtests (domains), Group 5 ¼ borderline or impaired performance on 1 or more subtests (domains) with abnormal effort test (Test of Memory Malingering) score or Verbal IQ , 80. All athletes in Groups 0 -4 had Verbal IQ . 80 and normal TOMM results. Casson and colleagues (2014) reported that the neuropsychological testing revealed isolated impairments in 11 players (24%), but none had dementia.
Other neuropsychometric studies of NFL athletes have been published in the recent past (e.g., Randolph, Karantzoulis, & Guskiewicz, 2013 , with concussion history not reported; Seichepine et al., 2013 , with a mean concussion history of 5.7; and Solomon & Kuhn, 2014 , with 71% reporting a benign concussion history). The published neurocognitive data base on active and former NFL players is expanding, and the roles played by clinical neuropsychologists in the evaluation of professional football players are increasing (Solomon, Haase, & Kuhn, 2013) . Given the importance of neuropsychological testing in the objective assessment of neurocognitive status, the role played by neuropsychological testing in disability determination, and the growing number of retired NFL claimants, it is likely that many clinical neuropsychologists are receiving (or will be receiving) an increasing number of referrals for neuropsychological testing for this population. As mentioned, a prior study (Lovell & Solomon, 2011) had indicated that published normative neuropsychological test data for the general population may not reflect adequately the normative values for professional American football players. For this reason, we reviewed the current literature to ascertain the available published neuropsychological data for professional football players, and to summarize the results in an attempt to provide an initial compendium of empirical data for this population.
Method
The PUBMED electronic database was searched systematically in the English language between the years 1960 and September, 2014. Search terms included professional football, NFL, concussion, neurocognitive testing, and neuropsychological testing. Inclusion criteria were the availability of test scores (with means and SDs and/or standard scores) from standardized neuropsychological tests on active or retired NFL players.
Results
Thirteen studies met the inclusion criteria and are summarized in Table 1 . Quantitative results are presented by neuropsychological domain/content area and the tests utilized. Paper and pencil test findings are reviewed first, followed by computerized test results.
Paper and Pencil Tests
Depression. Three studies were found, including two with the BDI-II and one with the GDS (Yesavage et al., 1983) .
Beck Depression Inventory-II: Table 2 presents the studies with BDI data. Didehbani, Cullum, Mansinghani, Conover, and Hart (2013) , using a three-factor model analysis (Buckley, Parker, & Heggie, 2001 ) of BDI-II results, found mean (SD) subscale scores of 2.62 (SD ¼ 3.68) for Cognitive, 1.59 (SD ¼ 2.21) for Affective, and 4.38 (SD ¼ 3.68) for Somatic.
Geriatric Depression Scale: On the 30-item form of the GDS, Ford and colleagues (2013) found a mean score of 5.5 (SD ¼ 4.6) in the 15 member group with two-or-less concussions (mean age 64.1; SD ¼ 6.8 years), and a mean score of 8.8 (SD ¼ 7.2) in the 12 member three-or-more concussion group (mean age ¼ 62.5; SD ¼ 5.0 years).
Brief cognitive screening examinations. Two studies were found.
Telephone Interview for Cognitive Status: Ford and colleagues (2013) found a mean score of 34.7 (SD ¼ 4.8) in the 15 member two-or-less concussion group (mean age 64.1; SD ¼ 6.8 years), and a mean score of 35.2 (SD ¼ 3.9) in the 12 member three-or-more concussion group (mean age ¼ 62.5; SD ¼ 5.0 years).
Mini-Mental State Examination: Casson and colleagues (2014) , in their study of 45 retired NFL players (mean age 45.6 years, SD ¼ 8.9), reported a mean MMSE score of 28.5 (SD ¼ 1.3).
Wechsler scales, subtests, and premorbid predictors (WAIS/WTAR). Two studies reported estimated IQs based on abbreviated batteries, and three studies reporting data on selected subtests, including Digit Span, Digit Symbol, and Letter Number (2014) 45 retirees 45.6 (8.9) 9.7 (9.6) Sequencing. Digit Span (WAIS-R and WAIS-III) data were reported by Pellman and colleagues (2004) , while Hart et al. (2013) administered the WAIS-IV version of this subtest. One study utilized the WAIS-III (Wechsler, 1997) Digit Symbol and Letter Number Sequencing subtests (Casson et al., 2014) . Another study reported data on the SDMT (Smith, 1982) , and is included here due to its conceptual similarity to the Wechsler Digit Symbol/Coding subtests. Two studies using the WTAR (Wechsler, 2001) were found. IQ Scores: Randolph and colleagues (2013) studied 41 NFL retired players (mean age ¼ 64.2, SD ¼ 5.5 years) with an unspecified short form of the WAIS-III (Donnell, Pliskin, Holdnack, Axelrod, & Randolph, 2007) and found a mean IQ of 110.8 (SD ¼ 15.6). Ford and colleagues (2013) utilized a four subtest short form of the WAIS-III (Arithmetic, Similarities, Digit Symbol, and Picture Completion). They reported a mean IQ of 114.0 (SD ¼ 12.9) for the 15 member two-or-fewer concussion group (mean age ¼ 64.1; SD ¼ 6.8 years), and a mean IQ of 115.6 (SD ¼ 19.5) for the 12 members of the three-or-more concussion group (mean age 62.6, SD ¼ 5.0 years). The results are displayed in Table 3 .
Digit Span subtest: Pellman and colleagues (2004) reported on a sample of 646 active NFL players who underwent neuropsychological testing between the 1996 and 2001 seasons. Mean age of the cohort was 25.4 years, with a range of 20-44. The mean total raw score on the WAIS-R or WAIS-III Digit Span subtests of 14.9 (SD ¼ 4.0). Hart et al. (2013) administered the WAIS-IV (Wechsler, 2008) Digit Span subtest to 27 NFL retirees. It was determined by these investigators that 12 players were cognitively unimpaired; their mean age was 55.4 (range ¼ 47.2 -63.4 years) and their average standard score (mean ¼ 10, SD ¼ 3) on Digit Span was 9.3 (95% CI ¼ 7.2 -11.5). Among the 15 NFL retirees found to be cognitively impaired (mean age ¼ 66.6; range 61.6 -71.6 years), the mean standard score was 10.3 (95% CI ¼ 8. 4-12.2 3) in the 15 member retiree group with two-or-fewer concussions (mean age ¼ 64.1 years) and a mean estimated IQ score of 94.8 (SD ¼ 13.3) in the 12 member retiree group with three-or-more concussions (mean age ¼ 62.6 years). Casson and colleagues (2014) administered the WTAR to 45 retirees (mean age ¼ 45.60 years, SD ¼ 8.9) and reported a mean raw score of 32.2 (10.1). For a 45-year-old individual, this raw score translates to a WTAR standard score equivalent of 99 (Wechsler, 2001) . The results are summarized in Table 4 . Self-report executive functions. One study was found. Behavior Rating Inventory of Executive Function-Adult Version (BRIEF-A; Roth, Isquith, & Gioia, 2005 ): Seichepine and colleagues (2013) administered the BRIEF-A to 29 professional and 35 collegiate football players. The authors provided age-adjusted t-scores for the professional football players (mean age ¼ 48.3, SD ¼ 13.0 years) and the 35 collegiate football players (mean age ¼ 45.9, SD ¼ 13.1 years) as a group. The overall mean age of the sample was 47.0 (SD ¼ 13.6) years. Unfortunately, the study did not report BRIEF-A results specific to the professional players, but did report findings on the total football sample compared with control subjects, for which multiple significant differences were found (e.g., on all 3 BRIEF-A index scores as well as on 5 of the 9 clinical scales). The study also reported significant group differences between younger (less than age 40 years) and older football players. Although a useful study, the data reported have limited utility for the purpose of this review since data specific to NFL players was not reported.
Verbal learning and memory. There were two studies found using the HVLT-R, two studies using the CVLT-II (Delis et al., 2000) , and one study using the SORT (Kraut et al., 2006) .
Hopkins Verbal Learning Test-Revised: Means and SDs for IR (immediate recall, representing the total number of words learned across trials 1 -3) and DR (delayed recall, representing the total number of words recalled after a 20 min delay) for active NFL players were reported by Pellman and colleagues (2004) and Lovell and Solomon (2011) , and are summarized in Table 5 . The scores from a subset of active NFL players from both cohorts (Pellman et al., 2004; Lovell and Solomon, 2011) who completed all of the paper and pencil tests used in the NFL test battery (n ¼ 503) were selected for a factor analysis. The raw score mean performance across trials was 7.02 (SD ¼ 1.51) for learning trial 1, 9.57 (SD ¼ 1.46) for trial 2, and 10.21 (SD ¼ 1.28) for trial 3. The raw score mean for delayed recall was 9.34 (SD ¼ 2.14). Raw scores, t-scores, and percentiles for the combined paper and pencil samples on the HVLT-R were reported by Lovell and Solomon (2011) , and are summarized in Tables 6 and 7 .
California Verbal Learning Test-II: Hart et al. (2013) provided CVLT-II results for 12 cognitively unimpaired and 10 cognitively impaired NFL retirees. CVLT-II mean age and education-corrected t-scores were 52.1 (95% CI ¼ 46.9-57.3) for the unimpaired group and 39.6 (95% CI ¼ 32.5 -46.7) for the impaired group. Casson and colleagues (2014) administered the CVLT-II to their sample of 45 retirees (mean age ¼ 42.8, SD ¼ 9.5 years). Mean t-scores for sum of trials was 38.9 (SD ¼ 8.97). Mean delayed short-term free recall was t ¼ 39.47 (10.42), and long-term free recall was t ¼ 37.98 (SD ¼ 8.36).
Semantic Object Retrieval Test: Hart et al. (2013) reported a mean total raw score of 29.6 (95% CI ¼ 28.9 -30.0) for the unimpaired retirees and a mean raw score of 27.9 (95% CI ¼ 26.6 -29.2) for impaired retirees.
Visual learning and memory. Four studies were found, three using the BVMT-R and one using the ROCFT (Rey, 1941) .
Brief Visuospatial Memory Test-Revised: Three studies were found. Means and SDs for IR (immediate recall, representing the total number of points earned across trials 1 -3) and DR (delayed recall, representing the total number of points recalled after a 25 min delay) for active NFL players were reported by Pellman and colleagues (2004) and Lovell and Solomon (2011) , and are summarized in Table 8 . For the 503 active players with complete paper and pencil data used in the factor analytic study (Lovell & Solomon, 2011) , the mean delayed recall score was 10.44 (SD ¼ 1.96). Across learning trials one through three, the means (SDs) for the factor analytic sample were 6.95 (2.29), 9.62 (2.29), and 10.74 (1.66). Raw scores, t-scores, and percentiles for the combined paper and pencil samples were reported by Lovell and Solomon (2011) , and are summarized in Tables 9 and 10 . Casson and colleagues (2014) administered the BVMT-R to 45 retirees, and the results are presented in Table 8 .
Rey-Osterrieth Complex Figure Test : Hart et al. (2013) published results on the ROCFT for 12 cognitively unimpaired and 10 cognitively impaired NFL retirees. For the copy score, mean age and education-corrected t-scores were 46.3 (95% CI ¼ 38.9-53.8) for the unimpaired group and 48.7 (95% CI ¼ 42.2 -55.1) for the impaired group. Delayed recall age-and Scores by trials were reported but a total score was not included in the factor analysis. Scores by trials were reported but a total score was not included in the factor analysis.
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education-corrected t-scores were 56.6 (95% CI ¼ 48.1 -65.0) for the unimpaired group and 35.5 (95% CI 28.5 -42.5) for the impaired group.
Attention/Concentration/Executive Functioning
Trail Making Test-Part A (Reitan, 1958) : Five studies were found; the results are summarized in Table 11 . Trail Making Test-Part B (Reitan, 1958) : Six studies were found and are summarized in Table 12 .
Language
Category Fluency: Two studies were found using a category fluency measure. Casson and colleagues (2014) studied animal naming among 45 retirees, and reported a mean score of 21.48 (SD ¼ 4.70). Hart et al. (2013) reported mean age-and educationcorrected t-scores on the Category Fluency subtest of the Boston Diagnostic Aphasia Examination (Goodglass, Kaplan, & Baressi, 2001) . Mean scores for the 12 cognitively unimpaired retires was 49.5 (95% CI ¼ 42.5 -56.5), and 42.3 (95% CI ¼ 37.0 -47.6) for the 10 cognitively impaired retirees Table 13 . Note: a n ¼ 520 active NFL players. Note: a n ¼ 518 active NFL players. Results from the NFL sample used for factor analysis; scores are in seconds to completion. d Age-and education-corrected t-scores.
e One subject in this study had missing data. (2013) 15 retirees with 2-or-fewer concussions 64.1 (6.8) 43.9 (8.7) Ford and colleagues (2013) 12 retirees with 3 or more concussions 62.6 (5.0) 40.1 (10.4) Casson and colleagues (2014) 45 retirees 45.6 (8.9) 41.6 (10.9)
Notes: a Total number of words generated across three trials. b Results from the second NFL paper and pencil battery sample. Results from the NFL sample used for factor analysis. Neuropsychology 30 (2015) ; [161] [162] [163] [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] Controlled Oral Word Association Test: Five studies were found and are summarized in Table 14 .
G.S. Solomon et al. / Archives of Clinical
Computerized neurocognitive tests and batteries. One study was found using Conners' CPT-II (Conners & Staff, 2000) , two studies used MicroCog (Powell et al., 1993) , and four studies reported ImPACT (Lovell et al., 2000) data.
Connors Continuous Performance Test: Amen and colleagues (2011) reported that 81 of 97 NFL players/retirees, average age 57.27 (SD ¼ 12.37) years, had "50% greater chance of having ADHD based on CCPT II." Further data were not reported on this measure.
MicroCog: Kutner, Erlanger, Tsai, Jordan, & Relkin (2000) , in their study assessing ApoE 14 in a cohort of NFL players, utilized MicroCog, and reported a total mean score of 20.02 (SD ¼ 1.0) for the 53 roster players on the General Cognitive Functioning Summary Index. Other means and SDs for the group were not provided, although regression plots of the cognitive scores, by genotype status, was reported. Amen and colleagues (2011) administered MicroCog to 97 active or retired NFL players (age range 25-82). The results are presented in Table 15 .
Immediate Post-Concussion Assessment and Cognitive Testing: Four studies were found with normative ImPACT data; one sample of draft picks, two samples of active players, and one with retirees. Group means are summarized in Table 16 . When comparing the 45 retirees from the Casson and colleagues (2014) study with the equivalent age group from the ImPACT normative data base, the corresponding mean (SD) percentile scores were 36.62 (28.62) for Verbal Memory, 27.76 (23.98) for Visual Memory, 26.64 (25.40) for Visual Motor Speed, and 29.24 (24.93) for Reaction Time.
Discussion
Thirteen studies were found with quantitative data regarding NFL draft picks, active players, and retirees. By far, the largest cohorts of active players came from the NFL paper and pencil battery study performed from 1996 to 2001. Studies of retired NFL players are now emerging. Only one study has assessed draft picks.
The question of appropriate norms for interpretation of neuropsychological test scores has been discussed by Hannay and Lezak (2004) . In short, these authors state that "finding appropriate norms for each patient is still a challenge for clinicians" (p. 147). Further, Hannay and Lezak discuss the importance of demographic variables such as age and education in the interpretation of neuropsychological test scores. It is a goal of this paper to provide an initial compendium of normative neurocognitive data for this group of professional athletes (who are similar in age and education) for future comparative purposes.
We summarize the findings of our review by athlete group. 
Retirees
The review of published studies employing the BDI does not suggest that these samples were reporting clinically relevant symptoms of depression. In fact, these data are somewhat at odds with the reported high rates of depression in NFL retirees found in survey studies (e.g., Kerr, Marshall, Harding, & Guskiewicz, 2012) . This difference may be due to the inherent limitations of selfreport survey information in the absence of a more comprehensive psychological assessment.
With regard to performance of retired players on a standardized test of visual memory, the retirees score 0.5 SDs lower than general population normative values on BVMT-R immediate (but not delayed) recall. Although slightly lower than the general population, this may be due to multiple factors and not necessarily secondary to concussion.
With regards to pooled data on a test of visuomotor speed (Trails A; 67 retirees) and executive functioning (Trails B; 97 retirees), the mean level of performance across the age ranges tends to mirror general population norms. The results of the COWAT scores among 72 retirees yielded scores very similar to the general population norms.
On a computer-based neurocognitive test battery (ImPACT), retirees performed at a lower level than the active players, consistent with an age effect. When the retirees were compared with an appropriate age comparison group from the ImPACT normative sample for age, their scores were in the average to low average range.
Active Players
Normative data exists on 1000 players on the BVMT-R. Generally speaking, active players (average age 25.4 years) score 27.5 on immediate recall (approximately SD of 5) and about 10.5 on delayed recall (approximately SD of 1.75). For the 24 -28 year age group (n ¼ 47), the BVMT-R Manual (Benedict, 1997) reports a mean immediate recall score of 27.83 (SD ¼ 4.48) and a mean delayed recall score of 10.46 (SD ¼ 1.48). Therefore, NFL players' performances on the BVMT-R are similar to those reported in the test manual.
Normative data also exist on 1000 players on the HVLT-R. Generally speaking, active NFL players' mean scores are slightly lower on the HVLT-R immediate and delayed recall indexes versus general population norms (Brandt & Benedict, 2001) .
Performance on the COWAT also yielded consistent scores across studies, with an approximate mean score of 41 (SD ¼ 11) noted in over 1000 players. Once again, these results are not significantly discrepant from the general population.
Pooled normative ImPACT data are available for about 227 active NFL players (Pellman et al., 2004; Solomon & Haase, 2008) . Normative data for 89 draft picks also is available (Solomon & Kuhn, 2014) . Mean scores across the active player and draft pick groups are quite consistent, suggesting similar test results for active players and for athletes on the verge of entering the NFL.
Recommendations and future considerations. In reviewing the published studies on NFL athletes, it is important to acknowledge some of the challenges in studying this select group of athletes. First of all, when the initial paper and pencil data were collected in the 1990s and the first part of the 21st century, no systematic neuropsychological test protocol existed throughout the NFL, participation in the assessments was not mandatory, and data were contributed by teams and team neuropsychologists on a voluntary basis. This resulted in some differences in tests administered, subtests utilized, and in the documentation of relevant on-field concussion parameters (e.g., LOC and amnesia). It is our understanding that the current mandatory, league-wide protocol has alleviated these issues.
This initial compendium of normative data for NFL players suggests that for active players, a large data set exists for the following paper and pencil tests: HVLT-R, BVMT-R, Trails A&B, and COWAT (Pellman et al., 2004; Lovell & Solomon, 2011) . Consideration should be given to the inclusion of these tests in any paper and pencil battery utilized with this population. There is also a large data base of ImPACT scores for active players (Solomon & Haase, 2008) and for draft picks (Solomon & Kuhn, 2014) , which could provide good normative values for active players, and its inclusion also may be warranted. Therefore, a "hybrid" model may be a valuable approach to assessment.
There is less clarity for a choice of neurocognitive tests for retired NFL players. The largest study to date was performed by Amen and colleagues (2011) , but that study included a mixture of active and retired NFL players, and MicroCog was the only neurocognitive test administered. Casson and colleagues (2014) and Randolph and colleagues (2013) provided ImPACT and RBANS data on 45 and 41 retirees, respectively, which are the largest reported cohorts to date. The paper and pencil battery used in the Casson and colleagues study was more comprehensive, was vetted by a five person panel of members from the National Academy of Neuropsychology, and should be viewed as a model battery worth emulating in the future. To date, the literature indicates that there are ,100 clearly identified retirees with reported normative data on paper and pencil or computerized neuropsychological tests.
It would be ideal going forward to identify a core battery of paper and pencil and/or computerized neuropsychological tests for the assessment of active and retired NFL players. We hope that the results of this survey study will offer some useful recommendations for the establishment of a battery of this type. We also specifically recommend the reporting of raw score means and SDs on all neuropsychological tests administered in future studies with NFL athletes. Ideally, it would also be quite useful to include relevant demographic and biopsychosocial data including (at least): (a) concussion history, (b) presence of diagnosed attention deficit spectrum disorder and/or learning disability, (c) medical/psychiatric/substance abuse history, and (d) any available neuroimaging results or genotyping data.
Finally, it would also be very useful to have more published studies that document the inter-relationships between all of the types of tests administered if they are to be utilized in the evaluation of NFL athletes. Unfortunately, there is a current dearth of published information that investigates the relationship between computer based and paper and pencil assessment in this group. Therefore, there is a need for more empirical studies assessing the relationships of paper and pencil test results with computerized neurocognitive test data in NFL athletes.
